Abstract.
It By interacting with charged particles, the waves influence the behavior of the plasma as a whole, and therefore wave effects must be included in corresponding models. Ganguli and Palmadesso [1987, 1988] , Singh [1988] , Singh and Torr [1990] , Brown et al. [1991, 1995] , and Lin et al. [1992, 1994] took into account effects from the low-frequency (LF) electrostatic turbulence, and they demonstrated that wave-particle interactions lead to significant effects on the evolution of the core plasma distribution functions.
In developing a mathematical model to describe plasma transport in the magnetosphere-ionosphere system that accounts for the active wave processes which occur there, we must develop a general scheme to include an analysis of the dispersion characteristics of the medium in order to choose suitable wave modes, a wave-particle interaction mechanism, and a system of hydrodynamical equations governing macroscopic plasma parameters which properly accounts for the presence of wave-particle interactions. One basis for this scheme's development has been described elsewhere [Khazanov and Chernov, 1988; Konikov et al., 1989; Chernov et al., 1990; Gamayunov et al., 1991 Gamayunov et al., , 1992 Gorbachev et al., 1992] .
When such LF waves are propagating in a plasma, a ponderomotive force is produced, which leads to significant effects in the plasma. Boehm et al. [1990] 
E = Eo e-last
where b is a unit vector in the direction of the external magnetic field Bo and ¢OBa is the ion cyclotron frequency of the ion species a. In a LFW the parallel electric field component can be small and the perpendicular drift velocities of the electrons and ions may be comparable to or even larger than the parallel electron velocity. This study will be restricted to the case where the parallel electric field and the parallel electron velocity can be neglected. In a coordinate system where the magnetic field B 0 is parallel to the z axis and the LF electric field E is parallel to the x axis, the relative velocity of the ion species a with respect to the electrons, ua = w a -w e, i s 
It may be concluded from the estimations of (3) and (4) and Treumann, 1992] , the relation 090/09Bo + was 1.2 and the relative velocity of oxygen ions was 20 times greater than that of hydrogen.
It follows from the above argument that in a multicomponent plasma, LFWs due to inertial drift of the heavy ions form a current across the magnetic field.
Lower Hybrid Wave Generation
Let us consider the LHW generation in the linear approxi- 
v_. 
where R(O) is a slowly changing function of k and 0,
It is clear from (8) 
where 6e e, 8e H+, and 6c He÷ are the electron, hydrogen, and helium dielectric permittivities, respectively.
Assuming to = k±uo÷ + r/, )7 << 6o, we can find the growth rate from (10)
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(11) 
+ r/, where to* = k±uo÷ is the solution of (13)for Co+ = 0, the maximum growth rate of LHW comes out of this expr._ssion as k±u + ,,
The hydrodynamic consideration is valid if Zo+ >> 1, i. e.,
Uo÷ >> 4 (15)
VTo÷ Co+ and It/l> 6o0 (see (6)). Both of these conditions are easily satisfied.
Using the estimations for Uo÷ and UH+ (see (3), (4), and below), (15) 
Quasi-linear Approximation
The LHW instability excited by the oxygen ion drift in the LFW electric field leads to the development of LH turbulence. where the lower limit is given by (8) and the upper limit is Uo+ and is narrow for small LFW electric fields ( Figure I ).
Quasi-linear Equations
Let us now obtain the quasilinear equations describing the behavior of the LHW spectral energy density and distribution functions of different species of plasma particles. 
oy.
Here 37o+ is the oxygen ion distribution function and E is the (20) and (22) with the form 
Taking into account (23) and (30), the equation for the LHW spectral energy density (28) may be reduced to the form
too, Lmo, n nL ) where x=og0tand
and we have assumed to / k~u.
In (3 I), the asymptotic dependence of the LHW energy density is different for the oxygen and hydrogen terms (the first and second terms on the right-hand side, respectively). The oxygen term yields E-(t-to) 3/2, a growth of energy, while the hydrogen term has the form E~(to-t) 2/3, a damping of energy. Examining the powers shows that the oxygen term will dominate for large times and the LHW energy will grow.
The numerical analysis of (31) gives the same results. In the calculations below a maximum time foot -103 is used, supposing that ion velocities are 105-106 cm/s, the region of interaction with LFW is 108-109 cm, and too is a few s-I. Figure 2 shows that the solution of (31) weakly depends on the initial conditions. The quantity h/n can be changed in magnitude 10-20 times without significant energy changes, allowing a wide range of concentrations of resonant hydrogen ions (Figure 3) .
The dependence on oxygen ion concentrations is more significant, however. If no.In is changed from 10 2 to 3x10 -2, the LHW energy growth for tOot~10" changes 20 times. Owing to the difference of the numerical coefficients in the terms on the right-hand side of (34), the exact dependence of the LHW energy on ," in the derivative in (31) is not very significant 
where r_ is the number of resonant hydrogen ions.
Let us estimate the energy flow Q in the plasma particles due to induced scattering by ions and electrons. For to~3-4toLH the result is of the same order of magnitude for both species
[ Musher et al., 1978] . For the stationary state,
where W k is the spectral energy density of LH oscillations.
Using (25) et al. [1996] , the same mechanism of interaction is possible in the auroral zone. Now we will estimate the plasma energization due to the discussed mechanism for magnetospheric plasma. For this calculation, let us take the magnetospheric plasma in the region of the plasmapause (L~4-5) with the densities of the hydrogen, helium, and oxygen ions in the ratio 100:10:1, respectively.
The plasma is assumed to be isothermal with a temperature of I eV. For the LFW with the frequency 0.15 Hz and oxygen ion gyrofrequency fo+=0.125 Hz, the needed electric field amplitude of LFW, E 0 (see (8)), is 1.8 mV/m.
The LHW frequency in that region, given by (7), is co-(0.5-1)xl0
-3 s -I, and the growth rate is proportional to the oxygen ion concentration co+ (9),),-5Co÷CO. 
Summary
The preceding analysis demonstrates that LFWs in a multi- 
